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Today’s Topics

• Colliders (High Energy Physics):

—Introduction

—Beam-Beam Interaction

—Examples of Colliders

—Energy Calibration

—Summary

• Lectures can be found at

http://als.lbl.gov/als_physics/robin/Teaching/NUC%20282c.html



December 7, 2009 C. Steier, NE 282, UC Berkeley 3

Introduction

• Colliders for particle physics experiments are one of the most 
important application of accelerators.

• Developments in particle accelerators and elementary particle 
physics have evolved inc lose synergy.

• Colliders can be characterized by: 

— different nature of the colliding particles (leptons or hadrons)

— different acceleration scheme used (linear or circular)

• In existing lepton colliders, electrons collide with positrons; 
significant R&D is underway for of a possible muon collider.

• Hadron colliders include protons colliding with protons or anti-
protons and heavy ion colliders.

• Higher collision energies can be achieved with hadron colliders 
but “cleaner” measurements can be done with lepton colliders.
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Introduction (2)

• In electron-positron collisions the particles annihilate 
and all the energy in the center of mass system is 
available for the generation of elementary particles.

• Such particle generation can happen only (except 
more complicated processes) if there is a particle 
with rest mass  equal to the collision energy.

• The energy of the colliding beams can be tuned to the 
rest mass of a known particle for studying its 
properties, or can be scanned for the research of 
unknown particles.

• In hadron colliders, the quarks in the hadrons interact 
during the collision and generate other particles. 
Because each hadron is a combination of three 
quarks, simultaneous generation of many particles 
happens regularly.

• Most of the particles generated during a collisions 
have a short lifetime. Particle detectors are designed 
to measure the particle itself when possible or the 
particles generated during the decay.
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Energy frontier: Particle Physics

• For very long time particle physics has been driving 
accelerator development – higher and higher energies, 
while simultaneously higher luminosity

• Reasons:
—Resolution
—Particle production thresholds

• Particles once thought of as elementary have been 
shown to be composites …
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Particle Physics Detectors

BaBar
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Key quantity for colliders: 
Luminosity
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Very Brief History of Colliders

• The first collider to be used for 

experiments were the intersecting 

storage rings (ISR), used at CERN 

from 1971 to 1983.

• Several Nobel prizes were 

assigned for results obtained by 

accelerators (B. Richter and S. 

Ting 1976, C. Rubbia and S. van 

der Meer 1984)

• Modern example are the 

asymmetric B-factories PEP-II 

(SLAC, Stanford), KEK-B 

(Tsukuba, Japan) to study CP 

violation.

• Asymmetric configuration (P. 

Oddone, LBNL) allows spatial 

separation of decay vertices.
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Center of Mass System (some 
special relativity)
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Cross Sections - Luminosity
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Luminosity
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Luminosity (gaussian beams)
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How to optimize Luminosity

• Luminosity can be optimized by making the beam 
sizes small, increasing the charge per bunch or 
increasing the bunch frequency – limits to all of 
those methods.
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Beam-Beam Effects
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Beam-Beam Tuneshift

• Resonances were explained in 

transverse dynamics lectures earlier 

in series.
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Examples of Colliders

At CERN in Geneva, Switzerland is the world’s 

largest accelerator: Until 2000 – LEP (electron 

positron) – electroweak precision 

measurements. Currently under construction: 

LHC (7x7 TeV) – Higgs, …
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Examples of Colliders (2)

Tevatron at Fermilab, near Chicago, IL, is currently 

the world’s highest energy accelerator (about 1x1 

TeV). Protons – Antiprotons. Main emphasis is 

Higgs and search of physics beyond Standard 

model.
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Examples of Linear Colliders

ILC

(planned)

SLAC (Stanford)

• Linear Colliders mostly avoid problem of

—Beam-Beam effects

—Synchrotron Radiation

• However:

—Accelerating sections only used once

—Produced particles only used once
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Energy Calibration (Motivation)
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Main Physics Result (LEP)



Motivation
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How Does It Work
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How Does It Work (2)



Typical Polarization Buildup Times
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Depolarizing Resonances
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Equilibrium Polarization and 
Depolarizing Resonances
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Simulations of Equilibrium 
Polarization
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Polarimeters
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Example: ALS – Touschek Lifetime
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ALS Example ctd.
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Effects that Change the Energy
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Back to Application (LEP)
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Tides at LEP
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The TGV …
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The TGV: explanation



Another ALS example: Momentum 
Compaction Factor
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Other Methods of Energy 
Measurements
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Other Methods (2)
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Summary

• Colliders are one of the most important accelerator 
categories – historically close synergy between particle 
physics and accelerator physics

• Very complex machines – many effects to consider for 
optimized design/operation

• Very successful: Exponential growth of beam energy 
and luminosity with time

• Energy calibration is an ultra precise tool revealing the 
small results of everyday disturbances

Thanks to Fernando Sannibale for

several of my slides


